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Houston is the 4th largest city in the United States and is home to some of the most flood prone 

areas in the country. Located in Harris County in southeastern Texas, the roadways and 

depressed underpasses, have accounted for numerous drowning fatalities and high water 

rescues. An increased number of dangerous storms and inadequate regional drainage systems 
partnered with low lying topography and meandering bayous all play contributing factors to the 

areas risk for flooding and dangerous roadway conditions. In August 2017, Hurricane Harvey 

broke all records with 51.66 inches of rainfall in Houston (according the National Weather 

Service) and emphasized the need for a new intelligent transportation system roadway 

technology to help prevent loss of life and property during floods. 

Houston is home to approximately 2.3 

million residents, with the metropolitan 

region consisting of approximately 6.6 

million residents. The City of Houston 

has over 6,000 center-lane miles of 

interconnected roadway spanning over 

640 square miles. Houston ranks 8th in 

annual delay per auto commuter (61 

hours/year) and 6th in congestion cost 

per auto commuter ($1,490 per year), 

according to the Texas Transportation 

Instituteôs 2015 Urban Mobility 

Scorecard. 

Project Description 
The City of Houstonôs 2017 TIGER grant proposal will provide enhanced roadway flood warning 

hazard visibility, detection reliability and event broadcasting capabilities for the City of Houston. 

Improvements will be made at 40 locations throughout the City of Houston including Texas 

Department of Transportation and Harris County facilities. 

 

Houston and its partners currently use yellow flashing lights with warning signs placed on the 

side of the road to warn drivers that the roadway may be flooded ahead. In most cases these 

hazard lights are battery powered with solar panels. Communication with the warning system, 

where it exists, is through proprietary protocols and equipment. 

Except for the signage, these yellow flashing lights are almost identical to those used for school 

zones throughout the United States. Due to this similarity, drivers do not always pay attention to 

these warning systems. The City of Houston has also experienced system failures due to power 

outages or extended use during cloudy conditions where batteries have not recharged. 

Additionally, the City of Houston has experimented with gated arm systems. Unfortunately, the 

gates only drop when water reaches a point that is unsafe for cars, but pickup trucks can still 

pass through. Thus, in each case where the system was activated, drivers drove through the 

gates which made them ineffective during the storm. Due to these system inadequacies, the 

City of Houston continues to have drivers proceed into unsafe flooded underpasses. 

After the April 2016 (Tax Day) flood, Houston Public Works Traffic Operations Division began an 

in-depth analysis of the City of Houstonôs existing system and innovations to improve driver 

awareness. The team concluded visibility is enhanced when traffic signals are placed on mast 
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arms over traffic lanes. This grant will help install traffic signal style mast arms to place flashers 

over travel lanes rather than on the side of the roadway. The second conclusion was flashers 

and signage must be bold. Drivers have been conditioned to think of a yellow flashing light or a 

diamond warning sign as a simple suggestion not a life-safety warning. When a traffic engineer 

wants someone to stop, they use a red indication (either flashing or solid). This grant will 

change standard yellow diamond warning signage stating ñCaution High Waterò to a regulatory 

sign stating ñStop When Flashing ï High Waterò. These indications will be placed on the mast 

arms at decision points near intersections or ramps giving drivers the option to safely turn 

around. 

The third conclusion was maintenance of the system and communication must be simple and 

unified. Traffic signal controllers with standard cabinet and battery backup will be used allowing 

the City of Houston to connect high water warning systems into existing traffic signal systems. 

When the system is activated it will automatically generate an alert to the on-duty signal 

dispatcher, send a text message to the on-duty signal maintenance supervisor, email the 

Houston Emergency Center and populate the Houston TranStar real-time travel map with a 

high-water icon. The system will also be 

serviceable by any signal technician without 

special training to shorten repair time and 

reduce maintenance costs. 

Finally, this grant will enhance pump stations 

with emergency generators. The City of 

Houston has learned that during storms many 

emergency generators lose power when they 

are needed the most. Natural gas powered 

generators will be installed at pump stations to 

ensure power is maintained throughout the 

storm to prevent flooding from occurring. 

Flood Warning System (FWS) flashers would 

serve as a backup to protect the public. 

The overall goal of this warning system is to notify drivers of the hazard ahead. None of the 

technology being proposed is new, but rather a new and innovative way to warn drivers of high 

water. The City of Houston believes this system will prevent fatalities and will become the 

standard throughout the United States. 

Improvements will be made at 27 existing locations and 12 existing pump stations within the 

City of Houston. Additionally, four Harris County and nine TxDOT locations will be improved 

along with upgrades to existing TxDOT pump stations at underpasses. Once complete, the 

Houston Roadway Flood Warning System (HRFWS) will:  

- Provide roadway users better visibility of an approaching high-water event; 

- Transmit route conditions through Dynamic Message Signs (DMS) and mobile 

communications with online flood warning system access to data and alerts; 

- Provide autonomous flood warning system capability should there be a loss of power with 

battery backup power at FWS only installation locations; 

- Improve monitoring capability for emergency and maintenance actions at flood prone 

underpasses; 
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- Prevent underpass flooding due to storm water back flow from bayous into the underpasses; 

- Provide real-time traveler high water and alternative route information to the public, partner 

agencies, and media outlets for analysis, planning, and announcements. 

HRFWS will consist of 40 new and reconstructed FWS locations. Intelligent Transportations 

Systems (ITS) devices will be deployed at each location including: 

- High water sensors;  

- Master stations; 

- Advance roadside yellow flashers where appropriate; 

- Approach overhead red flashers on signal mast arms over the travel lanes;  

- Closed-Circuit Television (CCTV) cameras (to monitor the underpasses); 

- DMS in advance of driver decision points. 

This project will provide Battery Backup 

Systems for the flashers at locations without 

pump stations. Also, the master control 

station will monitor, control and 

communicate with all ITS devices at each 

site. It will also communicate with the 

existing City of Houston traffic management 

system at Houston TranStar.  If a high-water 

event is detected, via CCTV cameras and / 

or underpass sensors, this information will 

be directed to Houston Transtar, partner 

agencies, and first responders.  It will also 

trigger warning flashers and DMS to inform 

motorists of the danger ahead.  

System Components 

High Water Sensors 
Guided wave radar sensors will be used providing non-contact level meters to monitor for high 

water at the low point of the underpass. 

 

Master Control 
Station components inside a modified traffic signal cabinet will receive signals from the high-

water sensors, transmit to advance and approach warning flashers and transmit and receive 

signals via a wireless antenna to the central traffic signal management system (Houston 

TranStar). 

 

 
 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjE2Lmdle7WAhVDzVQKHeenBh4QjRwIBw&url=https://www.youtube.com/watch?v%3DZWaUdFBLwG0&psig=AOvVaw1uBmyCBHaSjy3OMwNyx0on&ust=1508003570494385
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Advance Warning Flashers 
Roadside signs with yellow LED flashers will be placed, 

where appropriate, on intersecting streets (where the 

use of red flashers would be inappropriate) prior to a 

decision point to prevent vehicles from turning towards 

the underpass when the roadway storm water level 

reaches the triggered set point. 

 

Approach Warning Flashers 

Overhead signs with red flashers mounted on a traffic 

mast arm will be placed at a location providing a 

decision point with an opportunity for vehicles to turn 

around from the underpass when the roadway storm 

water level reaches the triggered set point (typically at 

6-inch maximum depth at the low point curb for 

roadways with two lanes in same direction where storm 

water spans across all travel lanes). 

 

Backup Power 
Natural gas generators and automatic transfer switches will be provided at all applicable pump 

station facilities. FWS will share backup power needs with the pump station to provide for 

continuous operation during a loss of power event.  This capability will allow for an extended 

autonomous operation of the FWS location where advance and approach flashing lights, Pan-

Tilt-Zoom (PTZ) CCTV cameras and wireless communication of these devices and sensor will 

be maintained to the central traffic management system for personnel monitoring and 

messaging via online viewing and roadway DMS.   

 

Video Monitoring 

PTZ capable CCTV cameras will be installed in advance of underpasses to provide visual 

confirmation of a high-water event at city-wide FWS locations. Instant video inspection and 

confirmation of a flood prone underpasses can alleviate the demands on maintenance staff and 

first responders where FWS locations are spread throughout the over 640 square mile greater 

Houston area.   

 

Backflow Preventers 

Devices having a valve to prevent the backflow of storm water from bayous through the storm 

drain system into the underpass will be installed at flood prone underpasses. Several of these 

flood prone underpasses are located adjacent to bayous. Typically, these underpasses drain 

into the bayou using gravity. As the bayou water levels rise, water from the bayous can come 

back up the storm drain system flooding the underpass. These one-way valves will prevent this 

from happening, allowing the City to keep the underpass open longer.    
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Dynamic Message Signs 
Messaging is a key component to relaying travel time and 

incident information, such as high-water events, to 

drivers. They improve driver route selection, reduce travel 

time, mitigate the severity & duration of incidents, and 

improve the networkôs overall performance. TxDOT 

conducted a survey in 2004 and found that 85% of 

respondents changed their route based on real-time information on freeway DMS (RITA 

website). In applying similar technologies in advance of high water underpass roadways, drivers 

will be able to make route choices based on the information provided on street-level DMS.  

HRFWS calls for the deployment of 40 DMS at key underpass locations along City of Houston 

and partnering Harris County and TxDOT roadway networks displaying information on high 

water locations as well as real-time traffic information to road users.  

Communications 
The HRFWS will communicate with the traffic signal management software system through 

redundant communications systems.  Where existing City of Houston fiber optic cable exists, it 

will be used to provide communications.  If fiber cable does not exist, the primary 

communications will be through use of the City of Houston Wi-Max system. In all cases, backup 

communications will be provided through commercial cellular networks. 

Project Partners 
HRFWS will provide a roadway flood warning with increased visibility, reliability and capability to 

communicate real time data including to online public accessible platforms.   

While the City of Houston is submitting 

this application, HRFWS involves local 

partnerships with the Harris County 

Public Infrastructure Department, the 

Texas Department of Transportationôs 

Houston District, and Houston TranStar 

for a new application of current 

technologies having individual 

components with proven reliability to 

aide in preventing high water loss of life 

and / or property.  

High-water sensors will trigger roadside 

and overhead warning signals while 

communicating event data for 

distribution over the traffic management 

system to notify key personnel and the general public via online webpage underpass location 

status.   

Real-time camera feeds will allow console operators to coordinate with emergency response 

teams such as police, fire and EMS, as well as the Houston Emergency Center. In addition to 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiIq9Wmlu7WAhVsyVQKHSDOBx0QjRwIBw&url=http://www.esands.com/Newsletters/Elements/Elements_110228_Advance_Flood_Warning_Systems.html&psig=AOvVaw3wz1g7yyW4sRQE5ucvqAzn&ust=1508003853163555


7 

 

incident management, CCTV cameras will also relay current travel conditions to the news 

media, as well as visitors to the Houston Transtar website.  

Real-time information is essential in a ósmarterô in-place and online roadway system. Real-time 

traffic conditions and travel time analyses can be performed via the existing Bluetooth Automatic 

Vehicle Identification (AVI) system. DMS relay incidents and travel times to motorists, giving 

them the information they need to avoid hazardous roadway conditions, congestion and improve 

network flow.  

 

 
PLANNED HOUSTON ROADWAY FLOOD WARNING SYSTEM (HRFWS) LOCATIONS 

RED ς City of Houston Locations 

GREEN ς Texas Department of Transportation Locations 

BLUE ς Harris County Locations 

 

  






















